Improved myocardial protection by oxygenation of St. Thomas' Hospital cardioplegic solutions. Studies in the rat.
The effect of oxygenation (100% oxygen) of the St. Thomas' Hospital cardioplegic solutions No. 1 (MacCarthy) and No.2 (Plegisol, Abbott Laboratories, North Chicago, Ill.) was examined in the isolated working rat heart subjected to long periods (3 hours for studies with solution No. 1 and 4 hours for studies with solution No. 2) of hypothermic (20 degrees C) ischemic arrest with multidose (every 30 minutes) cardioplegic infusion. At the aortic infusion point the oxygen tension of the oxygenated solutions (measured at 20 degrees C) was in the range of 320 to 560 mm Hg whereas that of the nonoxygenated solutions was less than 150 mm Hg. Twenty hearts (10 oxygenated and 10 nonoxygenated) were studied for each solution. The studies with solution No. 1 demonstrated that oxygenation led to a significant (p less than 0.05) reduction in the incidence of persistent ventricular fibrillation during postischemic reperfusion. Oxygenation of the cardioplegic solution also improved postischemic functional recovery so that the recovery of aortic flow was improved from 18.7% +/- 8.9% (of its preischemic control level) in the nonoxygenated group to 54.6% +/- 6.6% in the oxygenated group (p less than 0.025). Creatine kinase leakage was also significantly reduced from 27.5 +/- 4.8 to 9.9 +/- 0.6 IU/15 min/gm dry weight (p less than 0.005). Studies with solution No. 2 indicated that protection was better than with solution No. 1, even in the absence of oxygenation. A better degree of functional recovery was obtained after 4 hours of arrest with solution No. 2 than that obtained after only 3 hours of arrest with solution No. 1, and persistent ventricular ventricular fibrillation was never observed with solution No. 2. However, despite the superior performance with solution No. 2, further improvements could be obtained by oxygenation, with that time from the onset of reperfusion to the return of regular sinus rhythm being reduced from 55 +/- 8 to 35 +/- 2 seconds (p less than 0.01), postischemic recovery of aortic flow increasing from 59.8% +/- 7.4% to 85.7% +/- 2.5% (p less than 0.005), and creatine kinase leakage being reduced from 38.1 +/- 7.3 to 16.2 +/- 1.5 IU/15 min/gm dry weight (p less than 0.005). It is concluded that oxygenation of the St. Thomas' Hospital cardioplegic solutions improves their ability to protect the heart against long periods of ischemia and that this is manifested by improved postischemic electrical stability, functional recovery, and reduced creatine kinase leakage.